Abstract-A tunable dual-wavelength erbium-doped fiber ring laser using a self-seeded Fabry-Pérot laser diode (FP-LD) is proposed and demonstrated. By adding an FP-LD incorporated with a tunable bandpass filter within the ring cavity, the fiber laser can lase two wavelengths simultaneously because of the self-seeded mechanism. This dual-wavelength output exhibits a good performance having the optical side-mode suppression ratio over 31 dB. The wavelength-tuning range of this tunable dualwavelength fiber laser can be up to 9 nm.
I. INTRODUCTION

M
ULTIWAVELENGTH fiber lasers have attracted much interest in recent years because of their potential applications in wavelength-division-multiplexed (WDM) technique, optical code-division multiple-access technique, fiber sensor system, and optical instrument testing [1] - [6] . Various techniques for the reduction of wavelength competition have been used to achieve stable multiwavelength oscillations. The wavelength competition originates from the homogeneous gain broadening of erbium-doped fibers (EDFs) [2] . A great deal of research has been focused on the technique by inserting a filter into the EDF laser cavity for multiwavelength oscillations [4] - [6] . In such arrangements, the cavity losses corresponding to the different wavelengths have to be balanced with the cavity gains simultaneously. As a result, the lasing wavelengths are difficult to be controlled.
Recently, the self-seeded Fabry-Pérot laser diodes (FP-LDs) using fiber Bragg gratings have been proposed to generate tunable multiwavelength short pulses [7] , [8] . In this letter, we demonstrate a novel and simple configuration of a tunable dualwavelength fiber ring laser using a self-seeded FP-LD. The continuous-wave (CW) dual-wavelength output is implemented via the optical injection and feedback control of the FP-LD. By adjusting the tunable bandpass filter (TF), the dual-wavelength output can be tuned flexibly. Furthermore, in contrast with the conventional setup, our proposed scheme is easy to be constructed and low cost. The performance of the tunable dual- wavelength fiber ring laser operated at optimal driving condition is reported. We also discuss the relationship between the FP-LD driving current and the optical side-mode suppression ratio (SMSR). Fig. 1 shows the schematic diagram of the proposed tunable dual-wavelength EDF ring laser. The fiber ring laser consists of an EDF amplifier, an FP-LD, an optical circulator (OC), a TF, and a 90 : 10 optical coupler. The OC and the 90 : 10 optical coupler are used to construct an external fiber cavity for providing feedback to the FP-LD. The operating principle of this self-seeded setup is as follows. The feedback light at the wavelength selected by the TF travels along the following route: FP-LD PC TF OC EDF amplifier coupler OC TF PC FP-LD. In our experiment, the 980-nm laser diode with 60-mW output power pumped a 14-m EDF via a 980/1550-nm WDM coupler. It is know that using a longer EDF and the higher pump power can lead to a large gain. However, for simplicity, we fix the EDF length to discuss the proposed laser in this letter. This EDF amplifier provided a 30-dB small signal gain at the 60-mW pump power. The FP-LD was biased at 27 mA and the temperature was set at 22 C. The central wavelength and mode spacing of this FP-LD were, respectively, 1547.8 and 0.78 nm, as shown in Fig. 2 FP-LD and OC was used to adjust the polarization of the light feedback into the FP-LD. According to the self-seeded mechanism [9] , only one polarization direction (being parallel to the TE mode of the FP-LD) of the feedback light results in the maximum self-seeded efficiency. The average 3-dB bandwidth of the TF was 0.37 nm and its average insertion loss was 3.42 dB in 1530-1560-nm wavelength region. The total insertion loss of the OC was 1.22 dB.
II. EXPERIMENTAL SETUP
III. RESULTS AND DISCUSSION
The optical spectra of the fiber ring laser with 60-mW pump power when the central wavelength of the TF was located at 1547.01, 1546.62, and 1546.23 nm are shown in Fig. 3(a)-(c) , respectively. When the central wavelength of the TF was close to one of the wavelengths of the FP-LD lasing modes, the output of the FP-LD was limited to this specific wavelength. Thus, the fiber laser only performed on single wavelength operation, as shown in Fig. 3(a) and (c) . On the other hand, the dual-wavelength output was observed when the central wavelength of the TF was tuned approximately to the center of two of the FP-LD lasing modes, as shown in Fig. 3(b) . Notice that because of the Gaussian-like transmitted profile of the tunable filter, the wavelength components satisfying the oscillation condition for dualwavelength operation are less than those for single-wavelength operation. Consequently, the linewidths of the lasing lines (including the small peaks) for dual-wavelength operation, are narrower than those for single-wavelength operations.
The variation of the CW dual-wavelength output with time is also shown in the inset of Fig. 3(b) . The peak power variation of the two wavelengths was both smaller than 1.3 dB. However, the power variation increased if the polarization of this system was unstable. Fig. 4 shows the output spectra when the pump power was 20 and 40 mW. To further present the lasing mechanism for the dual-wavelength operation, in the inset of Fig. 4 , we illustrate the total output power of the dual-wavelength laser as a function of the pump power. The pumping threshold was 6.4 mW, approximately. After the pump power was larger than this threshold, the two wavelength outputs lased simultaneously. Fig. 5 shows the output spectrum when the FP-LD was biased at 50-mA driving current, and the pump power was 60 mW. In this case, the SMSR was 24 dB. When the FP-LD driving current was 40 mA, the SMSR was 27.5 dB, as shown in Fig. 6 . The optimal SMSR for the dual-wavelength output occurred when the FP-LD was biased at 27 mA. As shown in Fig. 7 , when the wavelength-tuning range was smaller than 9.46 nm the laser maintained the SMSR up to 31 dB. In contrast with the technique by inserting filters into the EDF laser cavity for multiwavelength oscillations [4] - [6] , the dual-wavelength output can easily be tuned. The SMSR performance from our self-seeded scheme is also better than those from [7] and [8] . However, when the tuning range was over 9.46 nm, the SMSR degraded because of the low power of the side modes emerging from the FP-LD (see Fig. 2 ). Under this side-mode limitation of FP-LD, the SMSR cannot be improved for a wider tuning range even if we increase the pump power. Nevertheless, we can assign the central wavelengths of different FP-LDs to select the tuning range for a practical application.
IV. CONCLUSION
In this letter, we have demonstrated a novel and simple scheme to construct a tunable dual-wavelength fiber laser. This tunable dual-wavelength output is implemented by using a self-seeded FP-LD incorporated with an external fiber cavity. A TF is used within this cavity to select the lasing wavelength. Because of the FP-LD self-seeded mechanisms in combination with the tunable filter function, the fiber ring laser can stably lase two wavelengths simultaneously and is easy to be tuned dynamically. The relationship between the FP-LD driving current and the optimal SMSR of this dual-wavelength laser is also discussed.
